To investigate the implementation of a plan of action for treatment of childhood obesity, and the effect after two years of treatment.
INTRODUCTION
Successful obesity treatment in childhood has positive effects on several of obesity-related risks (1, 2) . It is well established that the success rate in paediatric obesity treatment is superior if the intervention is initiated at a young age (3, 4) .
The recommended treatment approach for paediatric obesity comprises behavioural lifestyle interventions targeting dietary and physical activity habits (5) . It is important to involve the child's family and network in order to establish a foundation of support that can be maintained throughout the intervention (5) (6) (7) . Paediatric obesity is more common in lower socioeconomic status environments, but we have previously shown that this does not affect the possibility to adhere to treatment or to achieve good treatment results (8, 9) .
Barriers to childhood obesity treatment among clinicians and families include limited knowledge, lack of motivation and difficulties in offering long-term treatment due to limited resources (10, 11) .
In 2005 a treatment approach for childhood obesity was developed in Södertälje, a suburb of Stockholm, Sweden. The approach was structured and tailored towards patients younger than 13 years of age and has shown good treatment effect at the developing centre (9) . In 2007, the Stockholm County Council decided to implement a plan of action as a new treatment approach for children with obesity at six paediatric clinics within the county.
This treatment is from here on called the action plan. This study aims to assess the treatment effect after one and two years in the clinics that have implemented the action plan in comparison to other paediatric clinics at the same level of care in order to provide a proof of concept for the action plan.
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METHODS
Subjects
Included in this study were all children between 6 and 12.9 years of age who were referred to and started the explicit weight loss treatment program described below during 1 January 2008 to 31
December 2014 in any of the six outpatient paediatric clinics in Stockholm County Council that have implemented the action plan.
The treatment model and the implementation consisted of four corner stones; education of the treating staff, initial obesity treatment with groups of parents and children separately, continuous individualised treatment and regular coaching of the treating staff. These are thoroughly described below.
Description of the treatment model
The treatment started with group activities for parents and children separately followed by individual meetings with the child and parents together. At treatment initiation, parents were invited to participate in group sessions once weekly for seven weeks. These sessions were 90 minutes in the afternoon or evening and were aimed to increase parents' awareness regarding their role in their child's weight development and to help parents support lifestyle changes regarding physical activity and diet through positive reinforcement. The optimal group size was estimated to be 20 to 25 families with at least one parent from each family participating in order to benefit from interaction during the discussions. A summary of the themes for the seven weeks is presented in Table 1 . The group sessions included structured discussions where the parents got to exchange thoughts and experiences. If language barriers were present, an interpreter was consulted, which is free of charge in the Swedish health care system.
In parallel with the parental group sessions, children participated in educational and physical activities with emphasis on giving the children positive experiences. Both the parental and child group sessions followed the same themes (Table 1) , but the information was tailored and delivered differently to parents and children respectively.
After the group sessions, all families continued with individual treatment including visits to a medical doctor one to two times per year, visits to a nurse four to five times per year and for those who required, visits to a dietician and/or physiotherapist.
The visits lasted 30 to 60 minutes and included height and weight measurements as well as discussions about lifestyle progression and weight development.
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The treatment model encouraged the treatment team to offer an empowering attitude during visits, seeking motivation for and giving advice about the child's lifestyle changes to both the children and the parents.
Description of the implementation
The implementation of the action plan consisted of an initial two-day education in paediatric obesity and in how to create an empowering atmosphere during the group sessions. Further, workshops were held twice á semester for the continuous supervision of the clinical staff regarding how to deliver knowledge, how to be empowering, and how to help parents set the frames for their child's diet and physical activity. The clinics had continuous opportunity to contact and get support from a coaching team. This was provided by a nurse who was part of the development of the treatment model and by a paediatrician.
Ethical approval was obtained from the Ethics Committee in Stockholm, Sweden (No. 2014/1422-31/2).
Control group
The control group was children (n=3,012) receiving obesity treatment at outpatient paediatric clinics (n=46) from different parts of Sweden that have not implemented the model. Treatment of childhood obesity in Sweden comprises behavioural lifestyle modification, and may be delivered differently, for example to the whole family or parents only. Data were retrieved from The Swedish Childhood Obesity Register BORIS, and the same dates of treatment initiation and the same inclusion and exclusion criteria were applied. The register prospectively collects data and is aimed to be a clinical support and to advance the quality, knowledge, and research of the treatment. The paediatric clinic where the treatment model was developed (9) were excluded from the control group.
Definitions
The main outcome in the current study was treatment effects described assessed in three different ways: change in the BMI standard deviation scores (SDS) (12) , proportion of children reaching a clinically relevant weight loss specified as a loss of ≥0.25 BMI SDS units (13,14) and children changing weight status (severe obesity, obesity, overweight, and normal weight) (12) .
Annual follow-up visits were defined to be nine to15 months (year one) and 18 to30 months (year two) after treatment initiation. Age at the start of treatment is an important predictor of treatment outcome (8) . Individuals' ages were categorized into 6-7.9 years, 8-10.9 years, and 11-12.9 years.
Four categories of attendance in group sessions were created: completed group sessions attended at least four out of seven, not completed group sessions attended less than four out of Accepted Article seven, declined to attend group sessions and not offered group sessions. Reasons for not being offered group sessions involved language barriers and logistic issues. These families received individual obesity treatment.
Blood sample data, including fasting glucose and insulin, total cholesterol, triglycerides, low density lipoprotein cholesterol, high density lipoprotein cholesterol, and alanine aminotransferase were extracted from BORIS. All analyses were performed by accredited laboratories and paediatric-specific cut-offs were applied (1, (15) (16) (17) (18) . To evaluate blood pressure in children a sex, age, and height-adjusted reference from the National High Blood Pressure Education Program Working Group was applied (19). High blood pressure was defined as the 95 th percentile or above.
Parental weight and height were self-reported and categorized based on BMI as normal weight (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obesity (≥30.0 kg/m 2 ).
Data handling and statistics
Data were retrieved from BORIS and a review of medical records. Descriptive data are presented as proportions, standard deviations (SD), mean and minimum and maximum values or as median and interquartile range. All children with data at treatment initiation and data at year one and/or year two were included in the analyses. T-tests, analysis of variance and chi-square tests were used in crude models. General linear model and logistic regression were used in adjusted models. Records with missing data were excluded from the analyses, in other words data were not imputed. Data management and statistics were performed in SAS version 9.4 (SAS Institute Inc., Cary, North Carolina, USA), and a p value of <0.05 was considered statistically significant.
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RESULTS
During the seven years of inclusion, a total of 1,334 children were referred to paediatric centres that have implemented the action plan. Boys started treatment at an older age compared to girls at 9.4 years versus 9.1 years, respectively (p = 0.006). Descriptive data are found in Table 2 .
Attendance
In the evaluated population, 538/1,334 (40.3%) had completed all visits (initial, year one, and year two). In addition, 245/1,334 (18.4%) had data from the initial visit and year one, and 212/1,3341(5.9%) had data from the initial visit and year two. The lost to follow-up subjects 338/1,334 (25.3%) had a similar sex distribution (p=0.26), heredity for obesity (p=0.26), but they were three months older (p=0.027) and had 0.07 units lower BMI SDS at treatment initiation (p=0.048). were not offered to attend group sessions.
Treatment results
One-year data are based on 783 patients and the corresponding number for the two-year follow up are 750 patients.
Change in BMI SDS
Children aged 6-7.9 years reduced their degree of obesity after two years by 0.14 BMI SDS units more compared with children 8.0-10.9 years (crude t-test p<0.001). Children aged 8.0-10.9 years decreased their BMI SDS 0.13 units more after two years compared with patients aged 11.0-12.9 years (p=0.0005). There were no statistical sex differences from initial treatment visit to year one (p=0.19) or year two (p=0.95). Children who started treatment with a more severe degree of obesity achieved a greater reduction in BMI SDS.
The treatment effect differed both after one (p=0.02) and two years (p=0.0002) of treatment dependent on attendance in group sessions. Post hoc analyses revealed that the group who completed the group sessions showed a greater decrease in BMI SDS after two years compared with those not offered to attend group sessions (−0.36 versus −0.22, respectively, p<0.0001).
However, the group who declined to participate in the group sessions had a greater decrease than those not offered to attend group sessions (−0.34 versus −0.22 units, respectively, p=0.002).
The group not offered to attend group sessions did not further improve their weight development between year one and year two, see Table 3 . In analyses adjusted for sex, age group, Accepted Article attendance in group sessions and weight status, all variables except for sex remained as statistically significant predictors of treatment outcome until year two, Table S1 .
Clinically relevant change in BMI SDS
Age and degree of obesity at start of treatment affected the probability of reaching a clinically relevant reduction of 0.25 units or more in BMI SDS at follow-up year two (both p<0.0001). The overall difference between the groups attending group sessions was non-significant (p=0.053), but post hoc analyses revealed that the group who completed the group sessions showed a significantly higher proportion of children reaching a clinically relevant reduction compared to those not offered to attend group sessions (55.0% versus 43.2%, respectively, p=0.007). There were no significant sex differences (p=0.28), see Figure 1 . In analyses adjusted for sex, age group, attendance in group sessions and weight status, age and degree of obesity remained as statistically significant predictors of reaching a clinically relevant reduction until year two, Table   S2 .
Change in weight status
A proportion of 51.6% (n=111/215) of the children who started their treatment with severe obesity improved their weight status after two years of treatment. Forty percent of the patients with obesity at treatment initiation were no longer diagnosed with obesity after two years of treatment.
A small group of patients 48/750 (6.4%) were treated despite the fact that they did not meet the criterion for obesity at treatment initiation. For this group, treatment was unsuccessful since 12/48 (25.0%) developed obesity during the treatment period, see Figure 2 .
Comparison with the control group
Compared to the control group (n=3,012) the children treated according to the action plan had similar mean (SD) BMI SDS at the start of treatment, to 2.7±0.4 versus 2.7±0.4 (p=0.099).
Proportion between the sexes was also similar 48.1% girls versus 47.5%. (p=0.71). But the intervention group was on average two months younger (p=0.006). The treatment effect was significantly greater for children treated at the clinics that have implemented the action plan, 
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Blood pressure and biomarkers
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DISCUSSION
In this two-year follow-up of an implementation of a structured multidisciplinary treatment model of childhood obesity, we can show that the intervention was possible to implement and that treated children therein reduced their degree of obesity to a greater extent compared with a control group. The implemented treatment model had greatest effect in younger children and among those with more severe obesity.
Even though the children in the control group in the present study had a smaller effect of obesity treatment corresponding to 0.08 BMI SDS units, the total effect on weight loss was not of inconsiderable magnitude. In a large review from 2018, the average difference in degree of obesity between two groups with different obesity treatment approaches was shown to be 0.04 BMI SDS units (20) . Hence, the magnitude of the difference between the groups in the present study was small, but slightly greater than previous findings (20) . Further, the continuous effect of obesity treatment indicates that children who remains in treatment over two years generally benefits from it. Even though we cannot disentangle which mediating factors that further improved treatment outcome among the children within the intervention, there are some factors we believe might play an important role. Targeting parents in childhood obesity treatment has previously been shown to be a long-term fortunate approach (21, 22) . The implementation of the action plan included a thorough education of caregivers on childhood obesity treatment and the model. Education of healthcare providers and parents is an important cornerstone in the treatment of paediatric obesity (23) . The education and extensive material on how to create a safe and empowering environment could have increased the staff's awareness of tools that can be used and created a feeling of confidence in how a structured treatment can be delivered. An additional profitable factor might be the coaching team's availability for questions and support during the treatment of childhood obesity. Thus, the beneficial effect of the treatment could be due to the structure and approach that the model offers, but we cannot exclude that it might also be due to more educated and engaged staff.
The intense initial treatment program can be perceived as fairly time consuming and requires that families have the logistical opportunity to participate. The intensity of obesity treatment is an important predictor for treatment outcome (24) , and thus the initial intensity of the treatment model might have contributed to a greater effect after the first year compared to the second year.
Findholt and colleagues (10) found that travelling to health-care centres might be a barrier for many families to participating in obesity treatment. The locations of the paediatric clinics in this setting were near the families' home, which have been suggested to contribute to a greater Accepted Article possibility to attend treatment (25) . However, we found a substantial decrease of BMI SDS in the families who declined to attend the group sessions and the ones not offered the group sessions.
The reasons for this could be that these families chose the treatment option that best suited their ability, possibilities, and needs. As in all clinical settings that treat paediatric obesity patients, loss to follow up occurred. Nevertheless, nearly 60% of the children enrolled in this evaluation had two-year follow-up data.
In the group who started treatment with severe obesity, almost 50% remained at the same weight status two years after treatment initiation. Nevertheless, approximately 65% lost more than 0.25 BMI SDS units, which has been shown to have positive effects on cardio-metabolic factors (13, 14) . Therefore, despite that the weight status was remained, it may not necessarily be viewed as treatment failure. This is in line with previous studies that have not been able to identify severe obesity as a risk for treatment failure (3).
Usually treating clinics only accept to treat children diagnosed with obesity. The overweight group consist thereby most likely of children in special needs, such as strong heredity for obesity, related comorbidities, or siblings with obesity. With this in mind, the poor treatment outcome for the group with overweight at treatment initiation could be explained by the fact that they are most likely being at a great risk of developing obesity. It is nowadays well known that younger children succeed in obesity treatment to a greater extent than adolescents (3, 4) . In this study we also saw a greater treatment effect in the youngest children, although this study only evaluated children up to 13 years of age. This implies that children with obesity need to be identified at younger ages in order to start more promising obesity treatment.
Metabolic derangements were present already in young ages, emphasizing the importance of evaluating biomarkers even in younger children with obesity. The majority of patients had their cardio-metabolic profiles checked at the initial treatment visit, but only a fraction of them also had such data reported after one and two years. Pathological markers of glucose metabolism were found to increase over the years, but we cannot exclude that there might be a selection bias, such as strong hereditary factors or dissatisfying treatment results. Further, it is known that the risk of impaired fasting glycemia increases with age in children with obesity (26) . Despite pathological biomarkers and blood pressure, the majority of children could be considered to be metabolically healthy (27) .
Strength and limitations
The strengths of this study are the large number of patients, the duration of treatment in an ordinary real life condition and the matched control group. A limitation of this evaluation could be Accepted Article that the experiences and knowledge of the clinical staff and the treated families were not obtained. However, this evaluation was designed to primarily show treatment results from a real life condition without staff and families being affected by study questionnaires or similar. Other interesting aspects would have been to evaluate the cost-benefit of the implemented action plan, psycho-social factors, and parental neglect, but the data was not available.
CONCLUSION
The plan of action for the treatment of childhood obesity implemented by Stockholm Count Council in paediatric outpatient clinics showed encouraging results. The treatment consisted of initial group activities for parents and children separately followed by individual meetings with children and parents together. This approach, together with well-educated staff supported by a coaching team, seems to be an important factor in this structured multidisciplinary treatment model of childhood obesity. The implementation of the treatment approach was feasible, and a better treatment response was achieved after one and two years compared with a control group.
The results from this multicenter study, together with earlier publication, provides proof of concept for the treatment model. 
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Abbreviation: HbA1C=haemoglobin A1c LDL= low density lipoprotein HDL= high density lipoprotein ALT= alanine aminotransferase
High blood pressure was defined as the 95 th percentile or above for sex, age, and height. Impaired fasting glycemia was defined by fasting glucose levels of 6.1-6.9 mmol/L. The cut-off for pre-diabetes based on HbA1c was defined as 39 mmol/mol. Hypertriglyceridemia was defined for children younger than 10 years of age as triglycerides greater than 1.13 mmol/L and for children 10 years and older as triglycerides greater than 1.45 mmol/L, increased LDL-cholesterol concentrations greater than 3.36 mmol/L, and low HDL-cholesterol levels less than 1.04 mmol/L. Elevated ALT was defined
